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Objectives. The aim of this study was to compare the duration
of radiation exposure associated with stew percutaneous coronary
interventional devices with that associated with conventional
balloon angioplasty .
Background. Radiation exposure levels have been documented
to be higher with coronary balloon angioplasty than with routine
diagnostic coronary angiography . However, the effect of new
interventional devices on radiation exposure has not been studied .
Methods. Fluoroscopic and clne2ngiographic data from the
Mayo Clinic cardiac catheter Lion laboratory data base of patients
having single-segment coronary intervention during a recent 46-
month period were retrospectively analyzed . Of 897 patients stud-
ied, 646 underwent balloon angioplasty, 138 directional coronary
atlaerectotny (42 with adjunctive balloon angioplasty), 76 exchner
laser angioplasty (50 with adjunctive balloon angioplasky) and 37
placement of an intracoronary stent (16 emergencies).
Therapeutic interventional cardiology is associated with
significant radiation exposure to the interventional cardi-
ologist, the technical personnel and the patient (1) . Coronary
balloon angioplasty is associated with a higher level of radia-
tion exposure than that associated with diagnostic coronary
angiography (2), and this difference is further increased for
balloon angioplasty of chronic occlusions (3) and multivessel
disease (4) .
In recent years there has been an expanding use of new
coronary interventional devices including atherectomy, laser
catheters and intracoronary stents . Whether use of these
devices results in longer procedures and therefore increased
radiation exposure is unknown . This study compared the
duration of radiation exposure associated with the use of
these newer devices with that associated with conventional
balloon angioplasty .
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Results. Duration of fluoroscopy during balloon angioplasty
was 24 ± 18 min, which was longer than with directional
atherectomy (18 ± 8 min ; p = 0,001) . Fluoroscopy time was 25 ±
17 min with laser angioplasty and 29 ± 15 min with elective stem
placement (neither time was significantly different from that with
balloon angioplasty) . When atherectomy or laser angioplasty was
performed with adjunctive balloon angioplasty or if emergency
intracoronary stem placement was performed, the duration of
fluoroscopy was significantly prolonged compared with balloon
angioplasty alone .
Conclusions. Fluoroscopy duration is not prolonged with the
use of new interventional coronary devices compared with con-
ventional angioplasty unless adjunctive balloon angioplasty is used
or emergency stem placement is required .
(
.1 Am Coil Cardiol 1994;23.347-51)
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Methods
Study patients. Our cardiac catheterization laboratory
computer data hfirk registry was used to identify all patients
who underwent percutaneous revascularization of a single
coronary segment between October 1, 1988 and August 31,
1992. This period corresponds to the introduction of new
interventional intracoronary devices in our department . Di-
rectional atherectomy (Simpson Atherocath, Devices for
Vascular Intervention) was introduced into our practice in
October 1988 ; excimer laser angioplasty (Advanced Inter-
ventional Systems) was introduced in July 1989 ; and intra-
coronary stents were first used in October 1989 (Gianturco-
Roubin stent, Cook) followed in August 1991 by the Wiktor
stent (Medtronic) . Approval by our institutional review
board was obtained for all investigational protocols involv-
ing these devices, and all patients signed written informed
consent before the procedure . Patients who had their initial
diagnostic cardiac catheterization at the same procedure
were excluded from analysis .
From a total of 3,534 patients who had a percutaneous
revascularization procedure during the study period, we
identified 897 patients who had undergone intervention of a
single-vessel segment alone. Of these 897 patients, 138 had
undergone directional coronary atherectomy, 76 excimer
laser angioplasty and 37 placement of an intracoronary stent .
These three groups were compared with the remaining 646
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patients who had undergone conventional balloon angio-
plasty. The analysis of patients who had directional coronary
atherectomy and laser angioplasty involved separate analy-
ses of those who had an isolated procedure and those in
whom adjunctive balloon angioplasty was performed (Table
1). Similarly, patients who received stents were grouped
according to whether they had elective placement or emer-
gency placement (treatment of an acute complication of
another procedure) .
Angina class was based on the Canadian Cardiovascular
Society classification
. Unstable angina was defined as chest
pain of new onset, rest pain or a significant unexplained
change in the pattern of stable angina .
of tion ex re. All procedures were per-
formed with monoplane fluoroscopic and cineangiographic
imaging using one of three General Electric cardiovascular
X-ray imaging systems used in our laboratory during this
study period (Fluoricon 300, MPX LUC-LP and Advantx
LC-LP) .
Fluoroscopy times were recorded in 893 (99%) of the 897
cases. Cineangi phic film length has been routinely re-
corded in our laboratory since July 1989 and thus these data
were available in only 752 cases (84%) . Cineangiography was
performed at 30 frames/s, and thus its duration in minutes
was calculated by multiplying the film length in feet by 16
frames/foot, then dividing by 1,800 frames/min .
The minimal patient radiation exposure was estimated
using data obtained from phantom studies in our laboratory
and incorporating the measured duration of radiation expo-
sure in this study. Data from this phantom model were
obtained with pulsed progressive fluoroscopy (5) . For the
purpose of this study, we assumed an entrance radiation
dose rate of radiation exposure of 1 .78 min with fluoros-
copy and 24.1 R/min with cineangio phy .
Percutaneous Intracoronary Interventlonal technique .
Procedures were performed by using a percutaneous femorai
artery approach according to the standard Judkins tech-
nique. Coronary balloon angioplasty was performed pre-
dominantly with over the wire catheter systems using 0 .010-
to 0.018-in . (0.025- to 0 .046-cm) guide wires . Directional
T 1. Procedures Used to Perform Single-Segment Coronary
Intervention in 897 Patients From October 1988 Through
August 1992
Procedure Patients (no .)
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coronary atherectomy was performed with 9.5F, lOF or I I F
guiding catheters and a 0.014-in. (0.036-cm) guide wire . In
five cases, predilation of a high grade lesion with balloon
angioplasty was required . Excimer laser angioplasty was
performed with a 0.014- to 0 .018-in. (0 .036- to 0 .046-cm)
guide wire with various-sized laser catheters (1 .3, 1 .6, 1 .8,
2.0 and 2.2 mm). In general, excimer laser angioplasty was
used to debulk the lesion and followed by balloon angio-
plasty to dilate the stenosis further, if necessary . Intracoro-
nary stents have been placed with 9F or large lumen 8F
catheters. Of the 37 stents, 29 were Gianturco-Roubin stents
and 8 were Wiktor stents. The stenosis was predilated before
placement of the stent .
Statistical analysis. Results are presented as a mean value
I SD or as a percent . Categoric differences between the
groups in baseline variables were tested with Pearson's
chi-square test and analysis of variance for age differences .
The Student t test was used to test for differences in duration
of fluoroscopy and cineangiography . Results were consid-
ered to be statistically significant when p values were !5 0.05 .
Results
line characteristics. Patient demographic data are
outlined in Table 2 . The four interventional treatment groups
were similar, a from a higiter frequency of patients with
recent infarction (p < 0.001) or prior infarction (p = 0 .03) in
the coronary balloon angioplasty group . Treatment of
chronic occlusion was attempted in 4% of directional
atherectomy cases, in 17% of laser angioplasty cases and
12% of balloon angioplasty cases ; no chronic occlusions
were treated with stents.
Radiation exposure . The average fluoroscopic and
cineangiographic times for each of the four interventional
groups are outlined in Table 3. Fluoroscopy times were
shorter with directional atherectomy (18 ± 8 min) than with
balloon angioplasty (24 ± 18 min) (p = 0 .001) but were
significantly longer when balloon angioplasty was combined
with the atherectomy procedure (37 ± 16 min) (p < 0.001) .
Fluoroscopy time with laser angioplasty (25 ± 17 min) was
similar to that with balloon angioplasty but was prolonged
when adjunctive balloon angioplasty was used (32 ± 19 min)
(p = 0.007) . Fluoroscopy time was similar with elective stent
placement (29 ± 15 min) to that with balloon angioplasty but
was markedly prolonged (54 ± 24 min) (p < 0 .001) when
stent placement was used to manage a complication of
another procedure .
Cineangiographic times with directional atherectomy
alone (0.96 ± 0.32 min), laser angioplasty followed by
balloon angioplasty (1 .10 ± 0.32 min) and elective stent
placement (I . I 1 ± 0.33 min) were similar to that with balloon
angioplasty alone (1 .05 ± 0 .44 min) . However, isolated laser
angioplasty (with no balloon dilation) was associated with
shorter cineangiographic times (0 .75 ± 0.24 min) than those
of balloon angioplasty (p = 0 .001). When balloon angioplasty
was used in addition to directional atherectomy, the cinean-
Directional coronary atherectomy 138
Atherectomy alone 96
At erectomy + balloon angioplasty 42
Laser coronary angioplasty 76
Laser alone 26
Laser + balloon angioplasty 50
Placement of intracoronary stent 37
Elective 21
Emergency 16
Balloon angioplasty 646
Total 897
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Table 2, Baseline Characteristics of 897 Patients Having Single-Segment Coronary Intervention
giographic time was slightly prolonged (1 .20 t 0.42 inin)
(p = 0.06). Cineangiographic time was markedly prolonged
during complicated procedures when emergency stent place-
ment was required (1 .72 ± 0.47 mitt) (p < O.001),
Extrapolation of previous phantom X-ray data provided a
rough estimate of patient radiation exposures . The average
estimated minimal radiation entrance exposure to the patient
during balloon angioplasty was 43 R from fluoroscopy and
25 R from cineangiography (total exposure 68 R ; Table 4) . In
comparison, the estimated lowest total exposure was 55 R
with isolated directional atherectomy, and the highest expo-
sure was 137 RR with emergency stent placement . If conven-
tional (nonpulsed progressive) fluoroscopy and cineangiog-
raphy had been used, these exposures would have been
more than doubled (5) .
Discussion
New coronary interventional techniques are extending
the range of patients who are being treated by percutaneous
coronary revascularization procedures and who might other-
wise have required coronary artery bypass surgery . These
techniques all require ionizing radiation for imaging, but the
amount of radiation to which operators and patients are
FEDERMAN ET AL
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CABG = coronary artery bypass graft
; CCS = Canadian Cardiovascular Society
; DCA = directional coronary atherectomy .
BA = balloon angioplasty ; DCA = directional coronary atherectomy ; laser = laser coronary angioplasty
; Pts = patients .
Table 3. Duration of Fluoroscopy and Cineangiography During Directional Atherectomy, Laser Angioplasty and Intracoronary Stent
Procedures Compared With Balloon Angioplasty
exposed during these procedures has not been reported, The
increasing number of coronary angiographic and interven-
tional procedures being performed makes it critical that the
radiation exposure with each procedure is kept to a mini-
mum. According to the National Center for Health Statis-
tics, 259,000 coronary balloon angioplasty procedures were
performed in the United States in 1990, and it is estimated
that >400,000 procedures will be performed in 1993 . The
National Council on Radiation Protection and Measure-
ments (6) recommends that the lifetime accumulated radia-
tion dose in rems should not exceed the individual's age .
Therefore, it is important to study the amount of radiation
exposure to which cardiologists (especially high volume
operators) and patients (who may need multiple procedures
to treat multivessel disease or restenosis) are exposed .
Radiation exposure with new devices . The current study
was confined to patients who had single-vessel intervention
to a single segment so that a clearly defined group of
procedures comparing new devices with balloon angioplasty
could be studied . Obviously, multivessel procedures would
have entailed more prolonged radiation exposure . The
greater complexity of the new devices, often used in more
complex stenoses, might have been expected to lead to an
increase in radiation exposure compared with that for bal-
Procedure
All Pis
(no.)
Fluoroscopy
Cineangiography
Pis
(no.)
Time (min)
(mean ± SD)
p Value
Pts
(no .)
Time (min)
(mean ± SD)
p Value
Isolated BA 646 642 24 ± 18
559 1 .05 ± 0 .44
Isolated DCA % 96
18 ± 8 0.001 50 0 .96 ± 0 .32
NS
DCA + BA
42 42 37 ± 16 < 0A1 31
1 .20 ± 0 .42 0.06
Isolated laser
26 26 25 ± 17 NS 25
0.75 ± 0 .24 0.001
Laser + BA
50 50 32 ± 19 0.007
50 1 .10 ± 0 .32
NS
Elective stent
21 21 29 ± 15
NS 21 1 .11 ± 0 .33
NS
Emergency stent 16 16 54 ± 24
<0.001 16 1
.72±0 .47 <0.001
Procedure
p Value
3 CA
(n = 138)
Laser
Angiooamy
(n = 76)
Stent
Placement
(n = 37)
Balloon
Angioplasty
(n = 646)
No .
(%)
No .
No .
(%)
No .
Male
102 74 51
67 28
76 486
75 NS
Age (yr)
(mean t 1 SD)
62 ± 11 64 ± 10
63 t 13
65 ± 11
0.02
Unstable angina
105 76 51 67
29 78 469
73
NS
CCS class III or IV angina 95
69 52 68
31 84 452
70 NS
Infarct in preceding 2 wk 15 11
5 7 1
3 151
23 < 0 .001
Prior CABG
39 28 24
32 14
38 162 25
NS
Prior myocardial infarction
63 46 32 42
16 43 358
55 0 .03
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TAb 4. Estimated Radiation Entrance Exposure to Patients
Using Phantom Model Data
loon angioplasty . However, fluoroscopic and cineangio-
graphic times were not prolonged with directional coronary
atherectomy alone, laser angioplasty alone or elective coro-
nary stent placement . In fact, fluoroscopic times were 25%
shorter with directional atherectomy than with balloon an-
gioplasty. Cineangiographic times with laser angioplasty
alone were 29% shorter than with balloon angioplasty . The
reason for this difference is unclear, but one possible expla-
nation is that larger diameter laser catheters result in poor
contrast visualization of the vessel, so that cineangiography
may have been delayed until after removal of the laser
catheter.
When adjunctive coronary balloon angioplasty was used
with directional coronary atherectomy or laser angioplasty .
significant increases in fluoroscopy times occurred (54% and
33%, respectively). This is equivalent to an overall increase
of 40% in patient radiation exposure compared with that
associated with balloon angioplasty alone . Adjunctive bal-
loon angioplasty with laser therapy was associated with a
24% greater duration of radiation exposure with this proce-
dure than with balloon angioplasty alone .
Not surprisingly, fluoroscopy times and cineangiographic
times were markedly prolonged with emergency coronary
stent placement ; the increases were 125% and 64%, respec-
tively, compared with the times for balloon angioplasty
alone. Stent placement usually followed a complicated an-
gioplasty procedure associated with acute closure or severe
dissection.
Although directional coronary atherectomy and elective
stent placement are often used for a discrete stenosis, there
has been an increasing tendency to use the excimer laser to
treat long, diffuse stenoses, as well as chronic occlusions .
The increased radiation exposure associated with conven-
tional balloon angioplasty of chronic occlusions has already
been documented by Bell et al . (3) and, as our current
practice is to combine balloon angioplasty and laser proce-
dures, the prolonged radiation exposure in these cases needs
to be carefully considered zecause repeat intervention may
be required in the future .
Raftfim proteWw . Actual radiation exposure to pa-
tients and staff was not measured in this study . Although
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estimated patient exposure amounts are provided in Table 4,
these were derived from phantom models . As such, they are
only estimations and do not take into account more extreme
X-ray tube and image intensifier angulations or patient to
patient variability . It is certain that these estimates are very
conservative and should probably he considered the very
minimal doses received .
Radiation exposure to the suff in the cardiac catheteriza-
tion laboratory can be reduced by using well positioned
shields; wearing lead aprons, thyroid collars and lead
glasses; and imaging with larger fields when possible (1,5) .
Maximizing the distance between the operator and the X-ray
source and sites of scatter and avoiding unnecessary imaging
are the two most useful methods of reducing radiation
exposure to the attendant personnel . The major case-related
variables then become the duration of the procedure and the
resultant fluoroscopic and cineangiographic times . Careful
field collimation, judicious use of fluoroscopy and efficient
intervention should help minimize patient radiation expo-
sure. Fluoroscopic radiation exposure can be reduced by
32% to 53% if pulsed progressive fluoroscopy at 30 pulses/s
is used instead of conventional fluoroscopy at 60 pulses/s
(6-8) . This technique not only reduces radiation exposure
but can also improve image quality (7,8) and should be
considered desirable for all modern cardiac X-ray imaging
systems. High level control fluoroscopy is occasionally
required to optimize fluoroscopic visualization during diffi-
cult interventions . Use of this mode may result in extremely
high doses of radiation (>20 to 50 R/min, depending on the
specific X-ray configuration) . Although we use this tech-
nique sparingly in only a few cases, its use in other practices
may be more widespread . 1t is anticipated that federall
regulations will ensure that the use of this fluoroscopic mode
will be better controlled in the near future .
Conclusions. The duration of radiation exposure associ-
ated with the use of newer techniques of directional coro-
nary atherectomy, excimer laser angioplasty and elective
stent placement as stand-alone procedures to treat single-
vessel stenoses does not appear to be greater than that
associated with conventional angioplasty . However, radia-
tion exposure is increased when adjunctive balloon angio-
plasty is used with either directional atherectomy or laser
angioplasty . Complicated angioplasty procedures requiring
stent placement result in prolonged procedures and a dou-
bling in the duration of radiation exposure . Our study applies
to the management of single-segment stenoses without con-
comitant complete diagnostic angiography . The increasing
use of balloon angioplasty and newer devices in multivessel
disease and more complex stenoses will be associated with
more prolonged radiation exposures .
We extend our thanks to LaVon N . Hammes for help with data collection,
Jon L. Kosanke, BS, Section of Biostatistics, for help in statistical analysis of
the data and Christine M . Bushaw for typing the manuscript.
Entrance Exposure
Procedure Fluoroscopy (R)
Cine (R)
Isolated BA
43 25
isolated DCA
32 23
DCA + BA 66
29
Isolated laser
45 18
Laser + BA 57
27
Elective stentirill 52
27
Emerpmcy slanting
96 41
Abbreviations as in Table 3 .
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